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AbstrActs
background Little is known about vision impairment 
and frailty in older age. We investigated the relationship 
of poor vision and incident prefrailty and frailty.
Methods Cross-sectional and longitudinal analyses 
with 4-year follow-up of 2836 English community-
dwellers aged ≥60 years. Vision impairment was defined 
as poor self-reported vision. A score of 0 out of the 5 
Fried phenotype components was defined as non-frail, 
1–2 prefrail and ≥3 as frail. Participants non-frail at 
baseline were followed-up for incident prefrailty and 
frailty. Participants prefrail at baseline were followed-up 
for incident frailty.
results 49% of participants (n=1396) were non-frail, 
42% (n=1178) prefrail and 9% (n=262) frail. At follow-
up, there were 367 new cases of prefrailty and frailty 
among those non-frail at baseline, and 133 new cases 
of frailty among those prefrail at baseline. In cross-
sectional analysis, vision impairment was associated with 
frailty (age-adjustedandsex-adjusted OR 2.53, 95% CI 
1.95 to 3.30). The association remained after further 
adjustment for wealth, education, cardiovascular disease, 
diabetes, falls, cognition and depression. In longitudinal 
analysis, compared with non-frail participants with no 
vision impairment, non-frail participants with vision 
impairment had twofold increased risks of prefrailty or 
frailty at follow-up (OR 2.07, 95% CI 1.32 to 3.24). The 
association remained after further adjustment. Prefrail 
participants with vision impairment did not have greater 
risks of becoming frail at follow-up.
conclusion Non-frail older adults who experience poor 
vision have increased risks of becoming prefrail and frail 
over 4 years. This is of public health importance as both 
vision impairment and frailty affect a large number of 
older adults.
IntroductIon
Vision impairment is common in later life.1 The 
most prevalent eye conditions in older age are 
age-related macular degeneration and cataract, 
affecting 53% and 36% of British adults aged ≥75 
years, respectively.2 The rapid growth in the 
number of older adults in the UK poses a significant 
public health challenge to improve the health of the 
older population.3 A particular concern in the older 
population is the development of frailty, estimated 
to affect between 4% and 17% of adults aged ≥65 
years, depending on how it is measured.4 Frailty 
is characterised by an ageing-associated decline in 
multiple physiological systems reducing the body’s 
reserve and functional capacity, increasing the 
vulnerability to adverse outcomes including falls, 
hospitalisation, institutionalisation and mortality.5–8 
Frailty is often regarded as a dynamic state along a 
continuum ranging from normal ageing to death,9 
and older adults transition between frailty states.10 
Prefrailty is an intermediate stage between being 
non-frail and frail,7 and the transition towards 
frailty often ensues from an acute medical event or 
psychological stress.10 11
Vision impairment in older age has been associ-
ated with increased risks of adverse health outcomes 
including functional decline,12 13 but little is known 
about the relationship between vision impairment 
and frailty. Previous cross-sectional research has 
shown an association between visual acuity, contrast 
sensitivity, cataract and frailty indicators including 
gait speed, grip strength and chair stands in middle-
aged and older adults.14 15 Cross-sectional anal-
yses of community-dwelling older adults have also 
showed an association between cataract and Fried 
frailty phenotype.16 However, few studies have 
investigated incidence of prefrailty as well as frailty, 
and explored the role of possible mediators such 
as depression and social isolation, associated with 
vision impairment and increased risks of frailty.17 18 
Therefore, we examined the relationship of poor 
vision with the risk of incident prefrailty and 
frailty over 4 years adjusting for confounders and 
exploring possible mediators in a nationally repre-
sentative sample of community-dwelling English 
men and women aged ≥60 years.
Methods
study design and participants
In this study, data from the English Longitu-
dinal Study of Ageing (ELSA) was used. ELSA is 
a prospective study of a nationally representative 
sample of men and women aged ≥50 years drawn 
from the Health Survey for England in 1998, 1999 
or 2001.19 Participants have been followed-up 
every 2 years for an interview on health and life-
style and every 4 years from 2004 participants have 
also been invited to a physical examination. In the 
present study, we included participants with data on 
vision impairment, covariates and the Fried pheno-
type in 2004 and on frailty in 2008. Participants 
aged <60 years in 2004 were furthermore excluded 
as the frailty component walking speed was only 
assessed in participants aged ≥60 years. This gener-
ated a sample of 2836 women and men aged ≥60 
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years (67% of original study sample) used for our analyses. All 
participants provided informed consent and ethical approval for 
ELSA was obtained from the Multicentre Research and Ethics 
Committee.
Vision impairment
Vision impairment was assessed by asking participants whether 
their eyesight was excellent, very good, good, fair or poor using 
glasses or corrective lens if they normally do so. Good vision was 
defined as reporting excellent, very good or good eyesight and 
was used as the reference group. Reporting fair or poor eyesight 
was classified as poor vision. The question on self-experienced 
eyesight has previously demonstrated a significant association 
with objectively measured eyesight.20
Assessment of frailty
Participants’ frailty status was first assessed in 2004 and then 
again in 2008, which allowed for participants to be followed-up 
for 4 years. Frailty was based on the five components of the 
Fried phenotype: weight loss, weak grip strength, slow walking, 
exhaustion and low physical activity.7 Identical or very similar 
definitions of the components to those in the original pheno-
type studies were operationalised.7 21 Weight loss was defined as 
either loss of ≥10% of body weight in the last 4 years or current 
body mass index (BMI) <18.5 kg/m2. Grip strength was assessed 
using a grip gauche three times for each hand and the maximum 
handgrip strength measure out of a total of six attempts was used 
for the analysis. Weak grip strength was classified as being in 
the lowest quintile of the distribution, after taking sex and BMI 
into account. Slow walking speed was based on the mean of the 
time taken to complete an 8-feet walk at their usual pace from 
two measurements. The lowest sex-specific and height-specific 
quintile of the study sample distribution, and those in wheel-
chairs, bed bound, unable to walk due to health problems or 
unable to walk alone were classified as having slow walking 
speed. Exhaustion was defined as giving positive responses to 
any of the two questions "Felt that everything I did was an effort 
in the last week" or ‘Could not get going in the last week’ from 
the Center for Epidemiologic Studies Depression Scale (CES-
D).22 Low physical activity was based on frequency and inten-
sity in exercise by asking participants how often they undertook 
vigorous, moderate and mild exercise (more than once a week, 
once a week, one to three times a month, hardly ever or never). 
Reporting exercising hardly ever or never, doing mild exercise 
only or doing moderate exercise a maximum of one to three 
times a month was classified as low physical activity. Frailty 
was defined as the presence of three or more of the five frailty 
components. Prefrailty was defined as the presence of one or two 
components. No prevalent frailty was defined as having none of 
the frailty components. The Fried phenotype was used because it 
incorporates both prefrailty and frailty and is a widely used defi-
nition suitable for identification of community-dwelling older 
adults at increased risk of frailty.23 24
covariates
Variables considered as covariates included age, sex, wealth, 
education, cardiovascular disease (CVD), smoking, hyperten-
sion, diabetes, history of falls, cognitive function, depression 
and lack of companionship. Age was grouped into 60–69 years, 
70–79 years and ≥80 years. Wealth was based on total net 
non-pension wealth (financial, housing and physical wealth) of 
the household presented by quintiles. Education was defined as 
having an intermediate or higher qualification compared with 
no qualification. Self-reported doctor-diagnosed CVD (myocar-
dial infarction, angina and/or stroke), diabetes and hyperten-
sion were analysed dichotomously. History of falls was based 
on participants reporting fallen down in the last 12 months. 
Smoking was defined as reporting being a current smoker or 
current non-smoker. Cognitive function was assessed using a 
validated 24-point cognitive scale on time orientation (4 points), 
immediate recall (10 points) and delayed recall (10 points) and 
analysed continuously.25 For the recall tests, participants were 
presented with a list of 10 words of which they were asked to 
recall as many words as possible immediately after the list was 
read, and then again after an approximately 5 min delay during 
which they completed other survey questions. Data on time 
orientation were obtained from the Mini Mental Status Exam-
ination and assessed by asking participants to report today’s day, 
date, month and year verbally.26 27 Factors that may be on the 
causal pathway of vision impairment and frailty such as depres-
sion and social interaction were also considered. Depression 
symptoms were based on the six questions on mood not part 
of the frailty component exhaustion from the validated 8-item 
version of CES-D.22 Reporting two or more items were defined 
as having depression symptoms and analysed dichotomously. 
Feeling lack of companionship some of the time or often were 
combined and compared with feeling no lack of companionship.
statistical analyses
Logistic regression was used to determine cross-sectional rela-
tionships of vision impairment with prefrailty and frailty 
combined. Logistic regression was also used to determine the 
odds of incident prefrailty and frailty combined over 4 years 
follow-up in non-frail participants at baseline with poor self-re-
ported vision compared with those with good vision. Similarly, 
we determined the odds of incident frailty in participants prefrail 
at baseline, followed-up for 4 years. Analyses also included inves-
tigating possible reverse relationships in participants prefrail 
and/or frail at baseline and non-frail at follow-up, and partic-
ipants frail at baseline and prefrail at follow-up. Good vision 
was used as the reference group. The statistical analyses were 
adjusted for age, sex and covariates significantly associated with 
vision impairment in participants non-frail and prefrail at base-
line (wealth, CVD, diabetes, cognitive function, falls) (table 1) 
and for covariates that have consistently been associated with 
both vision impairment and frailty in previous research, such as 
educational level and depression.7 17 28 Where a positive associ-
ation was demonstrated between vision impairment and frailty, 
supplementary analyses were conducted to explore if the asso-
ciation might be explained by lack of companionship, a marker 
of social isolation associated with both vision impairment and 
frailty.17 18 All analyses were carried out using SPSS (V.22, IBM, 
Armonk, New York, USA).
results
In 2004, 2836 adults (56% men) aged ≥60 years completed 
an interview and a physical examination. Self-reported vision 
impairment was prevalent in 12% (n=339) of the participants. 
Half of the participants (n=1396) (49%) had no prevalent 
frailty, 1178 (42%) were prefrail and 262 (9%) were frail. Those 
who were prefrail or frail at baseline were excluded to deter-
mine incident frailty. The participants were followed for 4 years 
during which a total of 367 new cases of prefrailty (n=343) and 
frailty (n=24) among those without prevalent frailty at baseline 
were reported. In addition, there were 133 new cases of frailty 
in participants prefrail at baseline.
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cross-sectional associations of vision impairment and frailty 
at baseline
Table 1 presents the characteristics of all participants in 2004 
(baseline) by vision impairment. In comparison to participants 
with good vision, those with poor vision were more likely to be 
older, male gender, less wealthy, no educational qualification, 
smoker, higher BMI, diagnosed with hypertension, CVD and 
diabetes, a history of falls, poorer cognitive function and depres-
sion symptoms. Half of older adults with poor vision (50%, 
n=168) were prefrail and 23% (n=78) were frail, in comparison 
40% (n=1010) of older adults with good vision were prefrail 
and 7% (n=184) were frail.
OR with 95% CI for the cross-sectional associations between 
vision impairment and frailty are presented in table 2. The 
cross-sectional associations between vision impairment and frailty 
at baseline showed that participants with poor vision had over 
twofold greater odds of being prefrail or frail compared with partic-
ipants with good vision (age-adjusted and sex-adjusted OR 2.53, 
95% CI 1.95 to 3.30) and the association remained after further 
adjustment for wealth, education, CVD, diabetes, falls, cognition 
and depression (OR 1.72, 95% CI 1.30 to 2.29). The association 
remained after additional adjustment for lack of companionship in 
a subsample of 2663 participants with such data (OR 1.65, 95% CI 
1.22 to 2.22). Cross-sectional analyses of the relationships between 
vision impairment and prefrailty and frailty separately showed that 
both prefrailty (OR 2.10, 95% CI 1.59 to 2.77) and frailty (OR 
4.83, 95% CI 3.30 to 7.06) were statistically significantly associ-
ated with vision impairment (see online supplementary appendix 
table S1). In supplementary analyses on individual,  frailty compo-
nents vision impairment was associated with exhaustion, low 
physical activity and slow gait speed on adjustment for multiple 
covariates suggesting the associations observed were not driven by 
a single frailty component. Vision impairment was also associated 
with age-adjusted and sex-adjusted odds for weak grip but attenu-
ated after further adjustment for wealth and education. Weight loss 
was not associated with vision impairment (see online supplemen-
tary appendix table S2). There was no interaction between vision 
impairment and gender.
longitudinal associations of vision impairment with incident 
prefrailty and frailty
Longitudinal analyses were carried out in non-frail participants 
at baseline (excluding participants with prefrailty and frailty) 
table 1 Age, sex, socioeconomic and lifestyle characteristics, comorbidities and falls and prevalence of non-frailty, prefrailty and frailty in a cohort 
of English men and women aged 60 years and over in 2004 (baseline)
overall Good vision Poor vision p Value
Totals, (n)% 2836 (100) 2497 (88) 339 (12)
Covariates
  Age in years, (n)%
   60–69 1526 (54) 1400 (56) 126(37) <0.01
   70–79 1012 (36) 865 (35) 147 (43)
   80+ 298 (11) 232 (9) 66 (20)
  Male gender, (n)% 1584 (56) 1121 (45) 131 (39) 0.03
  Wealth, (n)%
   1 (lowest) 396 (14) 309 (13) 87 (26) <0.01
   2 541 (19) 452 (18) 89 (27)
   3 562 (20) 505 (20) 57 (17)
   4 615 (22) 563 (23) 52 (16)
   5 (highest) 690 (24) 643 (26) 47 (14)
  No educational qualification, (n)% 1086 (38) 915 (37) 171 (50) <0.01
  Smoker, (n)% 308 (11) 250 (10) 58 (17) <0.01
  Body mass index, mean±SD 27.8 (4.6) 27.7 (4.5) 28.3 (4.8) 0.03
  Hypertension, (n)% 1302 (46) 1123 (45) 179 (53) <0.01
  Cardiovascular disease, (n)% 499 (18) 400 (16) 99 (29) <0.01
  Diabetes, (n)% 251 (9) 197 (8) 54 (16) <0.01
  Cognitive function, mean±SD 13.7 (3.3) 13.9 (3.3) 12.8 (3.2) <0.01
  Depression symptoms, (n)% 653 (23) 536 (22) 117 (35) <0.01
  History of falls, (n)% 882 (31) 742 (30) 140 (41) <0.01
Frailty prevalence at baseline (2004), n(%)
  Non-frail, n(%) 1396 (49) 1303 (52) 93 (27) <0.01
  Prefrail, n(%) 1178 (42) 1010 (40) 168 (50) <0.01
  Frail, n(%) 262 (9) 184 (7) 78 (23) <0.01
table 2 ORs with 95% CIs for cross-sectional associations between 
frailty (prefrailty and frailty combined) and vision impairment in 
English men and women aged 60 years and over in 2004
Good vision Poor vision
Participants with prefrailty and frailty 
combined, n (%)
1194 (48) 246 (73)
Models for adjustment OR OR (95% CI)
  Age-adjusted and sex-adjusted 1.00 2.53 (1.95–3.30)
  Multi-adjusted* 1.00 1.72 (1.30–2.29)
*Multi-adjusted=adjusted for age, sex, wealth, education, cardiovascular disease, 
diabetes, falls, cognition, depression.
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and participants with prefrailty at baseline. Table 3 presents the 
characteristics of participants who were non-frail and prefrail, 
respectively, at baseline by vision impairment. In non-frail partic-
ipants, poor vision was associated with advanced age, lower 
wealth, no educational qualification, CVD and lower cognitive 
function. Participants prefrail at baseline with poor vision were 
associated with advanced age, lower wealth, CVD, diabetes, 
lower cognitive function and falls.
Table 4 shows OR with 95% CIs for incident prefrailty and 
frailty in participants non-frail at baseline, and incident frailty in 
those prefrail at baseline. Among participants non-frail at base-
line, those who reported poor vision had a twofold increased risk 
of becoming prefrail or frail at 4-year follow-up (age-adjusted 
and sex-adjusted OR 2.07, 95% CI 1.32 to 3.24) compared with 
participants with good vision. The association remained after 
further adjustment for wealth, education, CVD, diabetes, falls, 
cognition and depression. Additional analysis was carried out 
in a subsample of 1338 non-frail participants with data on lack 
of companionship. In this analysis, vision impairment remained 
associated with increased risks of prefrailty and frailty after 
further adjustment for lack of companionship (OR 1.98, 95% CI 
1.23 to 3.19). Vision impairment was not associated with an 
increased risk of frailty in older adults prefrail at baseline (OR 
1.34, 95% CI 0.82 to 2.19). Analyses of possible reverse rela-
tionships showed no associations after adjustment for covariates.
dIscussIon
In this study, we examined the association of vision impairment 
with incident frailty in older age. Our findings show that non-frail 
older adults with self-reported poor vision have increased risks of 
becoming prefrail or frail compared with non-frail older adults 
with good vision. Vision impairment, however, was not signifi-
cantly associated with incident frailty in those already prefrail at 
baseline. This is to our knowledge the first study investigating 
the relationship between vision impairment and incident frailty 
using the Fried phenotype.
The longitudinal analyses showed that non-frail older adults 
with vision impairment had nearly twice the risk of becoming 
prefrail and frail compared with those with good vision on adjust-
ment for covariates. This is consistent with earlier cross-sectional 
population-based studies of middle-aged and older communi-
ty-dwelling adults investigating the association between objec-
tively measured vision impairment14 and cataract,15 respectively, 
and frailty assessed using a frailty score consisting of slow gait 
speed, low expiratory flow rate, poor handgrip strength and 
inability to perform chair stands. In contrast, prefrail participants 
table 3 Age, sex, socioeconomic and lifestyle characteristics, comorbidities and falls in a cohort of English men and women aged 60 years and 
over with no frailty and with prefrailty, respectively, in 2004 (baseline)
1396 participants with no frailty in 2004 1178 participants prefrail in 2004
overall Good vision Poor vision p Value overall Good vision Poor vision p Value
Totals, n (%) 1396 (100) 1303 (93) 93 (7) 1178 (100) 1010 (86) 168 (14)
  Age in years, n (%)
   60–69 864 (62) 827 (64) 37 (40) <0.01 568 (48) 502 (50) 66 (39) <0.01
   70–79 459 (33) 415 (32) 44 (47) 455 (39) 388 (38) 67 (40)
   80+ 73 (5) 61 (5) 12 (13) 155 (13) 120 (12) 35 (21)
  Male gender, n (%) 785 (56) 734 (56) 51 (55) 0.78 413 (35) 348 (35) 65 (39) 0.29
  Wealth, n (%)
   1 (lowest) 112 (8) 94 (7) 18 (20) <0.01 195 (17) 158 (16) 37 (23) <0.01
   2 204 (15) 191 (15) 13 (14) 264 (22) 215 (21) 49 (30)
   3 278 (20) 262 (20) 16 (18) 242 (21) 207 (21) 35 (22)
   4 346 (25) 326 (25) 20 (22) 236 (20) 212 (21) 24 (15)
   5 (highest) 436 (31) 412 (32) 24 (26) 230 (20) 212 (21) 18 (11)
  No education, n (%) 420 (30) 383 (29) 37 (40) 0.04 507 (43) 426 (42) 81 (48) 0.14
  Smoker, n (%) 103 (7) 94 (7) 9 (10) 0.38 162 (14) 133 (13) 29 (17) 0.15
  Body mass index, mean±SD 27.2 (3.9) 27.2 (3.9) 27.1 (4.4) 0.70 27.9 (4.8) 27.9 (4.8) 28.3 (4.7) 0.32
  Hypertension, n (%) 560 (40) 517 (40) 43 (46) 0.21 583 (50) 491 (49) 92 (55) 0.14
  Cardiovascular disease, n (%) 195 (14) 173 (13) 22 (24) 0.01 213 (18) 172 (17) 41 (24) 0.02
  Diabetes, n (%) 90 (6) 80 (6) 10 (11) 0.08 121 (10) 92 (9) 29 (17) <0.01
  Cognitive function, mean±SD 14.2 (3.3) 14.3 (3.1) 13.5 (3.2) 0.03 13.7 (3.4) 13.6 (3.4) 12.8 (3.2) <0.01
  Depression symptoms, n (%) 149 (11) 136 (11) 13 (14) 0.29 362 (31) 302 (30) 60 (36) 0.11
  History of falls, n (%) 347 (25) 320 (25) 27 (29) 0.34 396 (34) 326 (32) 70 (42) 0.02
table 4 ORs with 95% CIs for associations between incidence of 
prefrailty and frailty with vision impairment in English men and women 
aged 60 years and over in 2004 followed-up for 4 years to 2008
Good vision Poor vision
No prevalent frailty at baseline n=1303 n=93
Prefrail or frail at follow-up, n (%) 324 (25) 43 (46)
Models for adjustment OR OR (95% CI)
  Age-adjusted and sex-adjusted 1.00 2.07 (1.32–3.24)
  Multi-adjusted* 1.00 1.86 (1.17–2.95)
Prefrail at baseline n=1010 n=168
Frail at follow-up, n (%) 107 (11) 26 (16)
Models for adjustment OR OR (95% CI)
  Age-adjusted and sex-adjusted 1.00 1.34 (0.82–2.19)
*Multi-adjusted=adjusted for age, sex, wealth, education, cardiovascular disease, 
diabetes, falls, cognition, depression.
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What this study adds
Our findings show that compared with non-frail participants 
with no vision impairment, non-frail participants with vision 
impairment had a twofold increased risk of becoming prefrail 
or frail at follow-up and the association remained after further 
adjustment for wealth, education, cardiovascular disease, 
diabetes, falls, cognition and depression. These findings suggest 
that vision impairment in older age contributes towards the 
development of frailty. Given the rapidly increasing number of 
older adults, addressing age-related vision problems may be 
important to prevent older adults from becoming frail, which 
further affects the chances of functional independence in later 
life.
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with vision impairment did not have an increased risk of devel-
oping frailty. This is similar to a previous cross-sectional study on 
vision problems defined as having cataracts and frailty defined as 
the Fried phenotype reporting that cataract was associated with 
prefrailty but not with frailty.16 This finding suggests that vision 
impairment may be of particular importance in the onset of the 
early stages of frailty, rather than progression in those already 
prefrail.
Several factors could explain the longitudinal relation-
ship observed. Vision impairment is associated with a range 
of comorbidities known to be associated with frailty such as 
CVD and diabetes.29 In our study, the associations remained 
after adjustment for several comorbidities including diabetes, 
CVD and depression, and while some residual confounding is 
possible due to lack of adjustment of potential confounding 
factors, the relationship observed could also be explained by 
factors on the causal pathway between vision impairment and 
frailty such as social isolation. Being socially engaged may 
reduce the impact of loss of physiologic reserve associated with 
frailty.18 Vision impairment has also been associated with being 
socially isolated,17 and vision impaired older adults may not 
therefore be able to benefit from the positive effects of social 
support in preventing frailty. Our supplementary analysis of a 
subsample with data on companionship suggests that this does 
not fully explain the relationship observed; however, we had 
insufficient data to also explore the role of social activities and 
social networks. Finally, it is possible that shared pathological 
pathways such as inflammation, which has been associated with 
both vision impairment and frailty,30 31 may in part explain the 
association observed.
strengths and limitations
A major strength of the study is that data are from a nationally 
representative cohort of community-dwelling English women 
and men aged ≥60 years.32 Also, participants were followed-up 
for 4 years for prefrailty and frailty, and the models were 
adjusted for several important confounding factors. Limitations 
include that vision impairment was self-reported rather than 
objectively measured. However, the question used has been 
against objective measures,20 and the finding is comparable to 
national estimates.1 In this study, a slightly modified version of 
the validated Fried phenotype was used due to limitations in the 
data. Levels of physical activity referred to frequency and inten-
sity of exercise without information on calorie consumption 
and the ELSA data did not allow differentiating between inten-
tional and unintentional weight loss. However, the data used 
were obtained through an interview and physical examination 
and the prevalence of frailty in this study is comparable to the 
original Fried phenotype study.7 Another limitation is that our 
study was restricted to the two-thirds of ELSA participants with 
data on frailty measurements at both baseline and follow-up. 
Of 5918 participants aged ≥60 years in 2004, 1670 were lost 
to follow-up in 2008. Non-respondents were more likely to 
be older and have poorer health compared with respondents. 
This raises potential selection bias, suggesting that prevalence 
of vision impairment, prefrailty and frailty might have been 
higher among non-respondents. Furthermore, in our study 
vision impairment was measured at baseline only and we did 
not investigate the primary cause of or change in vision impair-
ment. Finally, the ELSA cohort comprised predominantly of 
white British people and the findings may not be generalisable 
to other ethnic groups.
Implications
The association observed between vision impairment in non-frail 
older adults and increased risks of becoming prefrail and frail 
is important from a public health perspective as both vision 
impairment and frailty affect a large number of people in later 
life.1 4 Vision impairment is often preventable and modifiable.33 
For instance, a healthy lifestyle may reduce the risks of devel-
oping macular degeneration. Also, cataract surgery can signifi-
cantly improve visual functioning.34 The findings of this study 
support previous research suggesting that early diagnosis and 
treatment of vision impairment could prevent non-frail older 
adults with vision impairment to enter the early stage of frailty.16 
Reducing the risk of frailty is essential as frailty decreases the 
chances of independent living, negatively affecting the health 
and well-being of the individual and increasing the financial 
costs of healthcare to society.7 35 36
conclusIons
This study shows that self-reported poor vision is associated with 
the onset of prefrailty and frailty in later life. Preventing and 
treating vision impairment in later life may have the potential to 
delay the development of frailty.
Acknowledgements The English Longitudinal Study of Ageing was developed by 
a team of researchers based at the University College London, National Centre for 
Social Research and the Institute for Fiscal Studies. The data were collected by the 
National Centre for Social Research. The funding is provided by the National Institute 
of Aging in the USA, and a Consortium of UK Government Departments Coordinated 
by the Office for National Statistics. The developers and funders of the English 
Longitudinal Study of Ageing and the UK Data Archive do not bear any responsibility 
for the analyses or interpretations presented here.
contributors KW, LC, SR, GW, AL: study. concept. AL, CO: data preparation. EP, 
AL: development of statistical model. AL, EP: statistical analysis. AL, KW, LC, CO, SR, 
GW: writing the manuscript. AL, KW, LC: interpretation of results. SR, GW, CO: critical 
revision. All authors approved the final submitted version.
What is already known on this subject
Vision impairment is common in later life and associated with 
a range of adverse health outcomes including comorbidities, 
physical disability and poor social interaction affecting overall 
well-being and independent living. Vision impairment may 
furthermore play a role in the development of frailty, another 
common health concern in older age. However, evidence on 
the prospective relationship between vision impairment and 
development of frailty is sparse.
group.bmj.com on August 18, 2017 - Published by http://jech.bmj.com/Downloaded from 
6 Liljas AEM, et al. J Epidemiol Community Health 2017;0:1. doi:10.1136/jech-2017-209207
research report
Funding AL is funded by the National Institute for Health Research (NIHR) 
School for Public Health Research (SPHR) (509546). LC is funded by the British 
Heart Foundation (RG/10/001/28296) and the UK Medical Research Council 
(RG71546). EP is funded by the Dunhill Medical Trust (R396/1114). SR is 
funded by a UK Medical Research Council Fellowship (G1002391). The opinions 
expressed in the paper are those of the authors and not necessarily those of the 
funding bodies.
competing interests None declared.
Patient consent Obtained.
ethics approval Multicentre Research and Ethics Committee.
Provenance and peer review Not commissioned; externally peer reviewed.
open Access This is an Open Access article distributed in accordance with the 
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others 
to distribute, remix, adapt and build upon this work, for commercial use, provided 
the original work is properly cited. See: http:// creativecommons. org/ licenses/ by/ 4. 0/
© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.
RefeRences
 1 Charles N. Estimates of the number of older people with a visual impairment in the 
UK. Br J Vis Impair 2007;25:199–215.
 2 Evans JR, Fletcher AE, Wormald RP; MRC Trial of Assessment and Management of 
Older People in the Community. Causes of visual impairment in people aged 75 
years and older in Britain: an add-on study to the MRC trial of Assessment and 
Management of Older people in the Community. Br J Ophthalmol 2004;88:365–70.
 3 Parliamentary business. Political challenges relating to an aging population: key issues 
for the 2015 Parliament. https://www. parliament. uk/ business/ publications/ research/ 
key- issues- parliament- 2015/ social- change/ ageing- population/ (accessed 22 Jun 
2016).
 4 Collard RM, Boter H, Schoevers RA, et al. Prevalence of frailty in community-dwelling 
older persons: a systematic review. J Am Geriatr Soc 2012;60:1487–92.
 5 Rockwood K, Stadnyk K, MacKnight C, et al. A brief clinical instrument to classify 
frailty in elderly people. Lancet 1999;353:205–6.
 6 Ng TP, Feng L, Nyunt MS, et al. Frailty in older persons: multisystem risk factors and 
the Frailty Risk Index (FRI). J Am Med Dir Assoc 2014;15:635–42.
 7 Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a phenotype. 
J Gerontol A Biol Sci Med Sci 2001;56:M146–56.
 8 Mitnitski A, Fallah N, Rockwood K. A multistate model of cognitive dynamics in 
relation to frailty in older adults. Ann Epidemiol 2011;21:507–16.
 9 Abellan van Kan G, Rolland Y, Bergman H, et al. The I.A.N.A Task Force on frailty 
assessment of older people in clinical practice. J Nutr Health Aging 2008;12:29–37.
 10 Gill TM, Gahbauer EA, Allore HG, et al. Transitions between frailty states among 
community-living older persons. Arch Intern Med 2006;166:418–23.
 11 Lang PO, Michel JP, Zekry D. Frailty syndrome: a transitional state in a dynamic 
process. Gerontology 2009;55:539–49.
 12 Wallhagen MI, Strawbridge WJ, Shema SJ, et al. Comparative impact of hearing and 
vision impairment on subsequent functioning. J Am Geriatr Soc 2001;49:1086–92.
 13 Reuben DB, Mui S, Damesyn M, et al. The prognostic value of sensory impairment in 
older persons. J Am Geriatr Soc 1999;47:930–5.
 14 Klein BE, Klein R, Knudtson MD, et al. Relationship of measures of frailty to visual 
function: the Beaver dam Eye Study. Trans Am Ophthalmol Soc 2003;101:191–9.
 15 Klein BE, Klein R, Knudtson MD. Frailty and age-related cataract. Ophthalmology 
2006;113:2209–12.
 16 Chen CY, Wu SC, Chen LJ, et al. The prevalence of subjective frailty and factors 
associated with frailty in Taiwan. Arch Gerontol Geriatr 2010;50(Suppl 1):S43–S47.
 17 Liljas AE, Wannamethee SG, Whincup PH, et al. Socio-demographic characteristics, 
lifestyle factors and burden of morbidity associated with self-reported hearing and 
vision impairments in older british community-dwelling men: a cross-sectional study. J 
Public Health 2016;38:e21–e28.
 18 Xue QL. The frailty syndrome: definition and natural history. Clin Geriatr Med 
2011;27:1–15.
 19 Marmot M, Oldfield Z, Clemens S, et al. English Longitudinal Study of Ageing: Waves 
0-6, 1998-2013. London: UK Data Service. (accessed 11 May 2016).
 20 Zimdars A, Nazroo J, Gjonça E. The circumstances of older people in England with self-
reported visual impairment: a secondary analysis of the English Longitudinal Study of 
Ageing (ELSA). Br J Vis Impair 2012;30:22–30.
 21 Bandeen-Roche K, Xue QL, Ferrucci L, et al. Phenotype of frailty: characterization in 
the women's health and aging studies. J Gerontol A Biol Sci Med Sci 2006;61:262–6.
 22 Wallace RB, Herzog AR, Ofstedal MB, et al; Documentation of affective functioning 
measures in the Health and Retirement Study: Survey Research Center, University of 
Michigan, 2000.
 23 Bouillon K, Kivimaki M, Hamer M, et al. Measures of frailty in population-based 
studies: an overview. BMC Geriatr 2013;13:64.
 24 Rockwood K, Andrew M, Mitnitski A. A comparison of two approaches to measuring 
frailty in elderly people. J Gerontol A Biol Sci Med Sci 2007;62:738–43.
 25 Langa KM, Llewellyn DJ, Lang IA, et al. Cognitive health among older adults in the 
United States and in England. BMC Geriatr 2009;9:23.
 26 Lee S, Kawachi I, Berkman LF, et al. Education, other socioeconomic indicators, and 
cognitive function. Am J Epidemiol 2003;157:712–20.
 27 Weuve J, Kang JH, Manson JE, et al. Physical activity, including walking, and cognitive 
function in older women. JAMA 2004;292:1454–61.
 28 Ulldemolins AR, Lansingh VC, Valencia LG, et al. Social inequalities in blindness 
and visual impairment: a review of social determinants. Indian J Ophthalmol 
2012;60:368–75.
 29 Mitnitski AB, Graham JE, Mogilner AJ, et al. Frailty, fitness and late-life mortality in 
relation to chronological and biological age. BMC Geriatr 2002;2:1.
 30 Schaumberg DA, Christen WG, Buring JE, et al. High-sensitivity C-reactive protein, 
other markers of inflammation, and the incidence of macular degeneration in women. 
Arch Ophthalmol 2007;125:300–5.
 31 Kanapuru B, Inflammation EWB. Coagulation, and the pathway to frailty. Am J Med 
2009;122:605–13.
 32 Banks J, Breeze E, Lessof C, eds. Retirement, health and relationships of the older 
population in England. the 2004 English Longitudinal Study of Ageing (Wave 2). 
London: Institute for Fiscal Studies, 2006.
 33 Bowen M, Edgar DF, Hancock B, et al. The prevalence of visual impairment in people 
with dementia (the PrOVIDe study): a cross sectional study of 60-89 year old people 
with dementia and qualitative exploration of individual, carer and professional 
perspectives. Southampton: Health Services and Delivery Research. NIHR Journals 
Library, 2016.
 34 RNIB (Royal National Institute of Blind People). Key information and statistics. http://
www. rnib. org. uk/ knowledge- and- research- hub/ key- information- and- statistics 
(accessed 21 Mar 2016).
 35 Kojima G, Iliffe S, Jivraj S, et al. Association between frailty and quality of life among 
community-dwelling older people: a systematic review and meta-analysis. J Epidemiol 
Community Health 2016;70:716–21.
 36 Bock JO, König HH, Brenner H, et al. Associations of frailty with health care costs--
results of the ESTHER cohort study. BMC Health Serv Res 2016;16:128.
group.bmj.com on August 18, 2017 - Published by http://jech.bmj.com/Downloaded from 
from a 4-year follow-up study
community-dwelling older adults: findings
prefrailty and frailty in English 
Self-reported vision impairment and incident
Oliveira, S Goya Wannamethee, Sheena E Ramsay and Kate R Walters
Ann E M Liljas, Livia A Carvalho, Efstathios Papachristou, Cesar De
 published online August 10, 2017J Epidemiol Community Health 
 http://jech.bmj.com/content/early/2017/08/10/jech-2017-209207
Updated information and services can be found at: 
These include:
References
 #BIBLhttp://jech.bmj.com/content/early/2017/08/10/jech-2017-209207
This article cites 30 articles, 2 of which you can access for free at: 
Open Access
http://creativecommons.org/licenses/by/4.0/
use, provided the original work is properly cited. See: 
others to distribute, remix, adapt and build upon this work, for commercial
the Creative Commons Attribution (CC BY 4.0) license, which permits 
This is an Open Access article distributed in accordance with the terms of
service
Email alerting
box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the
Collections
Topic Articles on similar topics can be found in the following collections 
 (298)Open access
Notes
http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:
http://journals.bmj.com/cgi/reprintform
To order reprints go to:
http://group.bmj.com/subscribe/
To subscribe to BMJ go to:
group.bmj.com on August 18, 2017 - Published by http://jech.bmj.com/Downloaded from 
